Glycogen synthase kinase 3 controls endochondral bone development: contribution of fibroblast growth factor 18.
Glycogen synthase kinase 3 (GSK3) inhibits signaling pathways that are essential for bone development. To study the requirement for GSK activity during endochondral bone development, we inhibited GSK3 in cultured metatarsal bones with pharmacological antagonists. Interestingly, we find that inhibition of GSK3 strongly repressed chondrocyte and perichondrial osteoblast differentiation. Moreover, chondrocyte proliferation was inhibited, whereas perichondrial cell proliferation was stimulated. These results mirror the effects of fibroblast growth factor signaling (FGF), suggesting the FGF expression is induced. Indeed, we showed that (1) FGF18 expression is stimulated following inhibition of GSK3 and (2) GSK3 regulates FGF18 expression through the control of beta-catenin levels. Stimulation of cultured metatarsal with FGF18 had similar effects on the differentiation and proliferation of chondrocytes and perichondrial cells as GSK3 repression. This suggests that the regulation of FGF18 expression is a major function of GSK3 during endochondral bone development. Consistent with this, we showed that the effect of GSK3 inhibition on chondrocyte proliferation is repressed in tissues lacking a receptor for FGF18, FGF receptor 3.